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HOW TO TALK TO YOUR COMPUTER--LITERALLY

Wencell Fard
Los Alamos National Laboratory

Loa Alamoa, NM 87545

ABSTUCT

Voice 1/9 i8 a rapidly growing technology. The techniques
are still in the formative stage and thus are still some.

what prim’tive. However, useful tasks can be accomplished
within the limitation of today’s hardware. No reference

to specific h~rdware will be given, but guideline for
8electing and using hardware will be provided. The guide-
lines include vocabulary size, method of ~raining, upload/
download capabilities, user control of recognition para-

meters, package form-factor, and information returned to the
u8er. Hints will be given for working with hardware limi-
tati0n8. Some current and proposed uaea for voice 1/0 at
Los Alamos National Laboratory will be described. These

applications include personnel identity verification, in-
strument control, data entry, alarm annunciation, An~ idau-

ing operating sy8tem and editor commanda.

INTRODUCTION

Many a!vnnces in the field of voice 1/0 for compu-

ters hive re8ulted in the 8vai18bility of relative-
ly low-priced speech recognizera of varioua forma;

however, part of the afford~bility has been obtain-
●d by accepting reduced capability. Ffachines still
cant!ot carry on a normdl conversation such aj be-

tween two human beings aa has been popularized in
the acienct= fiction literature, Consequent;, ex-

pectations from the currrntly available p,oducta
have hecn too high. The amount of aoftwqre oupport
from the vendors in the form of utilities is very
nmnll. Thin places a burd~n on the umer brcauor
some noftware i8 needed before ●ny us~ful ●pplica-
tinn can be ac!]i?ved, Voice output is much more
advanced than voice input : reanorrable text-to-
sp~rctl nyntpmn are nvrnilahle, Practical ●pplica-
tionn rxiot !or voice r~cognizera if the deoigner
resl izen the limitation of ciirrent practice ●ud
w,~rkn within them. Thin psper will c,lnc~ntrate on
thp {Ise of voic~ an an inptit. A brief diacuamion
{~f vnicp otltput ([~r voice r~aponne, as it ia often
called) ia included for ct)mplet~neaa, l%- views
*xpronnvd are tho.e nf th* q,,t),c,r am m 4yPt9m rto-

aiRnrr an(i umt-r nf commrrrinlly svn{lfihle rrcog-
t)ir, rrn. TII@ field in (rpeII for rapid advnnceo ●nJ

a ll~~lrlltial ~lnrr SIIIIUIII be aware of the current
c[m!liliotlrn *III! make a[ljuslmrntn (o take ndvanta~e
of the latent techlliqu~o.

TYPES OF Vol(:t! llEC(N; NIZl!KS

Th~r* arc n n,,mher nf diffmrent waya to rlaoaify
reroRnir.ere; each emlthanitvn #<,me fenture. lh*a*
fealtlren have ● cnt)~it!er’at,l~ ?ff@ct on how th~

recnRnirer may he u~cd. It ia importan~ to realize
that hy m(~mt meanur~n the r@coRnicer io not eqwiv-
n lent t () 8 hImaIl linl*n?r. The hIIIIInn I iat~ncr
makra use IJI ro!]nidprat,ly m(>ro facilities than tho

more frroc*anin~ Or the •cu~!ntic tianal. Am ●rti -
firial techniq~~~~ ar? advanred, m,,:r a,, d mnr~ of

tle characceriatica of humana may be incorporated,
bu. for now moat are lacking. A aucceaaful
designer of a system that uses ● speech recognize

will learn ●a much as possible ●bout the internal

vorkinga of the recognize he ia using. SUC h

knowledge can avoid many potent?al problems ●nd
help to work ●round the limitation ● a well aa

making optimum uae of the featur?a th.~t are pro-
vided.

Current recognizere ●re not capable of capturing
the meaning of a running conversation ● a in often
depicted in science fiction. You will find three
terms used to describe what ia really done. The

firat is “inolated word.” This meand that the

utterance must be separated by ● definite pauae.
There ●re actually two times that arc important:

thr timr rfurinR which th? input must k:. above ●

certain lFV?l befor+ the recognition proceaa be-

gins, and the length of nilence requir~d to iudi-
cate tb~ end of ● n uttprance. Related to theoe
are thp minim~lm and maximum le,~gths that an utter-
ance may have. The term “utterance” in used here
becatlae thr nperch argmrnt to be recognized may hr
● phraap; it mt!at moroly meet the timing requir*-

m~ntn diacuaaod ●bovrn. III that aena~ the t~rm
“iso18t*J word” is ● littl, mi@lead~,nF,. lt in

irnpnrtant to know wh~t nctiot! ia taken with roap~ct
to utt~ranven that are tuo lung. Some d~viccn ig-

nore ●ny utterance that *xr*ada itn maximum I@l:gtll,
whil* otl}~rc may indicate ● r?jection of the Lt-
terance. The firat action ●llows nurmal cunv*raa-

tion tc b- int?rmp~ra~d with tho recognition task.

‘f%? other t Wo cla~nificatirme ar* “cnnt inooun

ape~ch” ●nd “crrnn*ct*rl aprnach.” Thoso twu rlaaai-
firationa ● rc nnt ctcarly dintin~uiat-d and clari-
f icat inn should be obtainect from LIIQ vendor to ●m-
what thoa~ t~tma really mean. The latter grnrraliy

meana that nn unnatural paua~a batw~rn words ar*

required, but. that th~ wnr-d bour4arics munt b?
crisp ~nd d{stinct. Conr inuoua .pcmch wow Id irnpl y



something akin to normal conversation. Often the
two terms are used interchangeably. The user
should be certain what ia allowed and what ia not.

Word recognizere may also bt classed as speaker
independent or speaker dependent . Speaker depend-
ence means that each user must create a aet of
voice patterna in the machine to represent hia
voice for each utterance. The patterna are gener-
ally called templates, and the process of gener.st-
ing them ● s “training” the recogrrizer (not to be
confused with training the ueer to uae the

machine). Speaker independence implies that thr

user need not fJO through the “training” process,

usually becauae a universal set of templatea haa
!,een created *nd stored in the machine by the rnatr-

ufacturer. The vocabulary for apeakc- independence

is very limited, usually just the di$its and a few
others, and is determined at the time O; manufac-
ture.

The equipment available today are acouatic pattern
recogrrizera, The input could b? any acouatic

signal , not just speech. The recognition
algorithm are baaed only on matching the patterna

produced from the input signal to a template or

reference pattern. Much research has been done
and ia Btill being done on systems with the
broader goal ~f speech understanding. Speech
understanding implies
that correct recognition of every word ia not nec-

essary, but that context and other aourcea of
knowledge are used to determine the meaning of the
entire meanage. This ia much the way humane com-
municate.

HOW A RECO(;NIZRR WORKS

A p,eneric recognize block rtiaRram in shown in
Fig. 1. Not evrry recrrRnizer will havr every block

●xactly an shown, but the function mllat be present.
Ille acrruntic niRnal murrt be applied to thr input

to the recounir,er, lISUally the input is throuRh a
!icrophorre althoilgh nny audio device could be used
ah!ch an a radio rrcrivrr trr tapr rrcordry. l%r
Inpllt nignal in th~n ampliflerl LO n lrvel cona iat -
e,]~ with thr prncenning circuitry. The nrxt block
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can take on a variety of forma dependi,~ on the

design philosophy of the recognize. It may be

some sort of spectral ●nalyaic of the waveform or
●xtraction of some other featurea. The amalyais
may be p~rformed by either analog or dlgi cal

nrethoda. Analog-to-digital conversion is required
before or after this block. More and more, this
operation ia being performed by specialized
integrated circuits. The data rate of the pro-
ceaaed signal can be very high; for example,
16 parameter sampled every 5 ma and digitized to
E bita produces 3,200 8-bit bytea per aecorrd of
speech. Becauae speech ia n relatively slow
phenomenon, and the speech signal containa consid-

●rable redundancy, the data can be compressed to
perhapn no few aa 100 bytea per second of speech.

There ia a control element that ia usually a
microprocessor. The controller determines if the
input ei~nrrl ia a ter,,plate to be stored or an un-

known to be checked. If it is a template, the
patterns are stored and indexed. If the input ia
unknown, the signal ia compaied againat the refer-
ence patterna of interest, If a suitable match ia
found , information about the matching pattern ia
made available; if not, that information i.9 also
conveyed. Storage for the reference patterns ia

provided: RAM for speaker dependent ayatems or ROM
for speaker independent ones. Communication cir-

cuitry allows operation over particular buses or
through aerial or parallel porta.

SPECIFICATIONS--WWAT D() TNEY MEAN

In evaluating a recognize for an applic ion, the
designer must deal with the varioua apecificctions.
The usual first que~tion ia the general “l{ow p,~:,ti

ia it?” What is uzually meant ia “What ir the
recognition accuracy?” There art many put)liahed
valuea for recOKnition accuracy, most often i,r the

range of 98% to ~99%. The fifguren nhould be ap-
proached like the EPA Raril,linr mileaRe figurrn t,lr

autom[~hilen. That ia, tilefiRurea arr crrtainly
ottninahlr under a given nr.t Of conditions, hut YOU

may not ~chievc them in your ap[~lirat.icrn. lU {Iny
cane, the recognition accuracy in z~lff,cient for a

Iarp,r rrumh?r of npplicationa and is g~neraliy not

a prohl~m except poanihly for aomo vrry low-gratlr
d~vicen. By taking the prrrprr prrrautions an p,ivrll
in n later a*rtion, YOU c~n acll ve the accllte<y
need~d for moat. application, E/,, Iy trynlorrl denigll
Bhrrvld ● nnumc Ienn than pvr’ec( opvratic,l) ntj,l I,r
prepar?d to d~nl witl~ it.



size. Response time depends on the total number
of byte comparisons that must be made. Rarely will
the response time be ● limitation it, a well de-
signed application, but it should be checked.
Other timing considerations ● re the ❑inimum utter-

ance length, maximum utteralire length. and requ~red
pause between utterances. The designer should be
aware of tllrse in designing the application.

CHARACTERISTICS AND FEATURES

Besides the specification there are many other
features that may be important in selecting ●

recognize or designing the application. Perhapn

the ningle moftt important of these i8 the capabil-
ity to upload t~.e reference templatea to a host or
masa storage device. This ability allows a l=rger

vocabulary and, in the case of opeaker dependent

ay8teratr, many apeakera. Closely related is the

template size in byrea. The u:load/download time
ib a function of the cor(munications method and the
template size. A tem~,late of 1000 bytea takez
10 times aa long to load as one of 100 bytes. For

reference, usinf round numbers, 1000 bytes per
second are tran ferred at 9600 baud. Unless care

is taken, the upload/download times can e&sily be-
come exccaaive, If these times are critical,
parallel instead of aerial communications may be
needed, fewer templates may be transferred, direct

bus accesa may be needed, or a recognize with a
smaller template may be selected. The template

size also determines the amount of ●xternal mass
atorag~ needed and may determine the ultimate vo-
cabulary size or number of opeakcra.

The amount of host overhead should be considered.
One factor affecting thr overhead is the nature of

thr information given hy the recognize. When ●n
utter4nce in recognized, only a few fixed ASCII

character may be nent or an ●rbitrary ASCII

string. (),, erat ion of the reco~nizer can be inde -
prndenl or it Lnn ,}e hoot driven; aometlmon ● Oiven
rrcngrfizer cqn hp eittler. Therp msy be an adva~-
tc4Xr in crrtuin applicatinnn in ● very interactive
I108L.

Templnto ~enrration methods may vary s[]ch that
dif!~ront Ieatutre of an I)tt rsnce sre important.

Tho better the deaignrr Itn+eratanda th~ ~en~r,ttion
rr,~thnd, thr better the chance Iii* ap, !liratiorf wit I

The length of the intraword silence ●lao plays ●

purt; for example, there ia a pause in the wwd
“eight” before the final “t”, or the “t” may not
be sounded ● t all.

Another feature important in selecting a recognize
is its intended operating environment. A board
levrl product may have to plug into a host bus (CPU
or terminal). Some box level products require an
external host (or pert-.aps just ● controller, like
a terminal) ●nd others ● re completely ctand-alone,

UNEN TO USE VOICE INPUT

Voice input ia rot appropriate for al: applica-
tions; the designer a!rould take care to uee that
it ia appropriately applied. There should be a
distinct ●nd recognizab!s ●dvantage to the use of
voice input. Some characterl.tics of an appropri-

ate ●pplication are eaaily identified. Yn casea
where the hands ●nd eyes ● re busy witt souw other

task, voicr input can apeed up the taak aa well as
reduce poa$ible errorc. Examplea of this ncct!r in

inspection processes where the oreratoi is physi-
cally handling the material being inspected and
the inspection proceaa tw,st be interrupted to
● nter data. Anot.hcr uae ia where a single spoken

word can replace a number of keystrokes, much aa
user-assignable function keys on a terminal are
used. The ASCII string oent upon an utterance

ra:ognition can literally ba anything (subject to
● maximum number of character).

A degree of ope;ator mobility may be achieved by

uoing ‘voict input, either through a wired micro-
phone or over ● radio lihk (wireless microphone).

This allows data to be entered at the point of

collection and without ● deIay to go to ● data
entry ataCionO i’he requirement for the audio input
device mu~t not place ●ny restriction on operating

procedures. In casam when t!rc data (.)r control
cr,mmand) entry point is a w~ll-clefir.d location,
fixed micr’ophon-s m~y perform beLter than other
data znt~;, devlcen. Ci.ntrnl over home device may
oft-n be m,,rr safely and cnnvenierttly ●xercised by

vo!ce illput, Qmpecially when th~ device is remote
nllfl req~liren interruption of t!)e operator’m nor-ma]

rout inc.

Ti~ere ● re applicstionn when voicp input may not brI
th~ heat. A Rood typist is fa$t and mer~ly r~-
plscinf, etirh ksyntroke with ● opoken word would be

painfully al(w, A sinnle spokpn word rrplacin~ an
ent ire pllrntsr or more might ho morp efficient , as

when ● nirrRle word could enter ● ci)ml,any nsm~ Mnd
adflrena, Snm? cl~v?r rnrnhit la: intl (, f vt}irr and
koyhoard input could &reatly Pnhancp a akill~{l
(Ipe,ator’s ●fficicnry Sl,m@tim@s Lhe dat,l to bp
rnt~red are nwnmitive ●nd n!ould no( be spoke!)
●lnud (your ~,amaword?)o An ~tlvironmetit with a lot
of tranaient 11(1: He or with frequ~nt turn{)ver of
pera~)nnel is not c~)nd(lcive to voice inptll. To br

\lfl Pd ●ff@ctivaly, lho Vocat>ulary OhotIld t)? Wrll
defined and limitmd jwat da ~trif!tly am nyntax in

limited and Controlled in ●ny other cnmputr. r itl -
t~rart inil. ~, in drram not rulw r)u L tailorinu ●

vnrahulnry fnr each up~rator, hilt rathrr r?qilirra

that it muml I)@ ntrictly ●{lllerad t{), (:~.)nint *nry



Finally. voice input may not be the :?uroprinte
device- for the application. A bar-code “reader is

generally faster than typine in digits or :peaking
them. A person’o voice tends to change under
stressful conditions; therefore, voice input ia

uomlly nol successful under conditions of #treas.
Temporary voice changing conditions such ● s colds
should be ●*petted, ●nd ways of handling them in-
cluded In the oyatem d-sign, such ● s ❑anual over-

ride or operator intervention.

APPLICATIONS FOR INPUT

One of the most successful ●pplications of voice
input to date has been in the area of quality con-
trol inspection where the datz rate is low, but
entering by other means interrupts the worker’s

task. It has been applied if, the manu~acture of
print~d circuit boards, ●ppliances, and custom
hybrid circuits.

A pernon’o voice is ● unique characteristic that
is ●lwaya with the peroon, It has often been
looked ● t ● s ● means of uniquely identifying some-

one. Voice prints caug!r: the imagination of the

preu~ and public ● few yeare ●go. rhe promise wao
never fuifillcd because of many prartical problems

including a grrat deal of @kill needed by the an-
alyzer. Voic.2 prints are essentially plots of time
V* frequency, with ●nergy represented as ● third

dimension by the density of the plot for a partic-

ultir utterance. Thio is different ;han the
templates used in today’s word recognizera. ffow-
ever, bec~use the recognizern are speaker depend-
ent, some npeaker discrimination is pose.ible. The
taak of apecker verit’ication ha~ been ●ttempted at
Los Alam60; that la, the per~on makes ●n initial
cleim of identity throt,gh ● badge reader, el;tering

● paa~word or ID n]mber, ●nd the system either
verifies the identity or rejt.eta it (Fip.. 2). Thin
is 4 much eanier tank than identification be,:tiuse
the input in compared with only on? act of tem-
platea, that it, th~ claimed iientity. Upon inpu:
nf the Ifs number ttle voice templateo ●acociated
with LI)C ntimh~r are downloaded into th~ rpcognizer,

Then the un~r in prnmptrd tn repeat ● n utterance.
The incnminR uttrlancc la chocked ●gainat the tam-

plate nnd ● drci, ion made. A aertrn of randomly

aelecteJ pr.)mptn in used and the entry/no entry
Aeciainn ia based on the ov~rall r~oult. A total
of 16 different utteranc~n in uuod with the vocab-
ulary c~rrfully oolecterl for krpst rfincriminntion,
Vnrioun strategi~a of number nf utt~rancee recoR-

nizpd VII thnnp not rorrr~nir,pd have be~n inv~nti-

Ratrd. A hiRh-qunlity vvicr nvtithonir, rr ia uacrl
to prompt Lh@ wncr rfurinx h(nth th~ Lraininu pllate
(tomplnte gnneratiorr) and iu actljal une heraume it
wan fnwnd that thr tln~r would ap~ak m\lch mnrr con-

aiatantly. So far, this nyatem ham only bem,I ~la?d
exp*rim*nlally w{thin ~ho laborpl{)ry and dmmon-
Qtrat~rt rfurinx an “open hn\la* . “ IInda r them?
I{miteti conditinn~l th~ r~~ultn ahnw~d an ,mpootor
nucceaa rat? ,)f about 1 {n 400 when the val id uaor
rejection rate waa ●bnut I in ltJ. “trore im ●

trarfeof! h-twoon the two typon of wvrnra. Tb e
imprrator ●urc?sc rato im ● worst caa~ h~cauoe {t
inrpliew that (he ;mp,lator haa th? IIlxur-y nf hcin~

atria tn makm r?peated trialn ●Mninat thp ● ame tam-
plato, or that ha {a ●blo to try all template-
●ft*r h● hae nbtainad tho primary meann [) r
irfenlificatinr, u Administrative ploredur@n ~(,111,1
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Fig. 2. Block diagram of a stand-alone speaker

verification .syutcm. Other ver8i0n9 in-

terface to a host Becurity system.

be used to elimin~tt= unrrstrai.leJ trials, A pr,.-
liminary r!iocuso~on of thin work was reported ill
Ref. 1.

Work on hazardoun mntrrialn i: often donrI in en-

closed ntainlesn steel boxeu, witl) tlle opr.rat(}r
workinK throuoh heavy r~,hber glovrn pern,anrntly
mounted in the side of the box, A prcrrnn linr may
conuia. of 8 10nR line of i~ltrrc-u,, ectet! Rlovo
boxen . Mranurernentu of certain quar,titiern may ht.
requirer! for protean control 01 other p\lrp.lr. ru,
Measurrme-,t i!lntrumrnts may bp quite nopt)inticatvd
●nd require operator attention dtlrin~ th~ moasurr-
menL . It can to very disruptive for thp oi~erator
to leave hia task to ●ttend to an illnt;\lmrnt. F() t

example, ● calii,ration run may be rcquirrd befor,,
actual daLa arp ncqliirerf, By c~>nlr[~lling n\lctl 41)

inntrllrnent by voice, the lank in not ilJt~,rr\lpte<l
nor in att*nt ion dive rt pii. UP li~vo l~t]ilt nne mutt,
control [or an inn(rliment an id nll{lwn in FiK, “1.
All oporati~}n in ({)11( r{>ll?d tllr(~(!~h v,)icr c,immrI[\lM.

An example nf voire ?ntry thn~ ill(lstrntr.a mIIIIV 1)1

th? fent wren in tll? inter f.rfi t{> n c~)ml)\jtor oprr -
atirrg oyatem. WeI do ● Int (Ifd~nip.lt rhat unem
L!;I1l ’n r~lnnin~ ftTll, Tl\# plogram d~~v lopmont iti
done on ● 11[)1111 and Irallrfr. rred t.) thp I,SI II via

flnplv disks, RT1l baa I little over 50 m,,n{,!ll
commnndn, Thin im well w’t~,{n the loi,-w~>r(l vtJcah-

ulary R(Z* nf rnnny rrc[}xn{terri, Ear}, m,,nil(lr ~,tlm-

mand i- called tip hy voice. Wllrn the ,IMIIIIIIIIIJ in
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Fig, 3. Example of a voice controlled instrument,

ThQ computer eystem WISE already requ~ cd
by the instrument so voice control only
sdded two circuit boards in the computer

backplane ●nd a small amount of software,

nent to the comptlter. When the option is recog-
niz*ct, thr c.>rrrct ntring in ment and templates for
vnlid erguments nrc loaded; these unuslly connint
of th~ current filet. The last atrinR sent ter-

minates in a carrinEr return to initialize command
~xecutiono Tnhlr 1 ahowa repros?ntative commanrtn
with nptionn nnrl nrpum~n to, T}1o #dv#ntaRe is that
it in not nece*~a\y to rrmcmher th? ?xnct avntax
expected fnr ●ach monitor com,nnd, Th@ riRht #vn-
tnx in built in, no in the ASCII string that ia
n~nt out in r~spnnn? to each voice input. An ex-
nmplc of different avntnx in that for a DIRECTORY
o{ltput to RO to tht connol?, th? option is TERM1-
NAL, while for n FT)RTRAN/LIST, the option in :TT:.

Under either commed th~ npoken word “terminal”
aendn th~ correct ntrinR.

Anut!}pr application in uninR voic~ for the keypad
~ditor c[~mmnnclrn whilp Q1lI lien and cllnnp,en are made

vin the keyboard. A Iittl@ practict mnken th,ia a
vrry (ant and ●nt’y-to-tIRe proc*nB, Sorer careful
ttl(lu~ht in Ilr@flo(f to produc~ ● plact ical svat?m.
Voicr ret}lnr~mpnt of # @inRl@ kryntrok~ miRht mak~

nvnne ([or vnample, to go down one lir,~) bocaune

the fi.l Rorn would not hn\+ tn h- r~placcd on th~
krvhoarrl, hut vo\jld not make arnse for many r~peata
of the name key. Both mcthncfn ?a,, he ●ctive ● t the
name time and the most npprnpriat- nrre uaert. Con-
trol of oth~r utili!ipn may Iik@wine Ir@ ut~fwl.

MAlt!NG IT dORl(

Attrntinn to detnil in nec~mnarv to produce n o!\r-
ronRftIl application. Thin nmctinn givsrn do’n ●nd
dt)n’tn tn ●nnur* *\trceae. Th* mnnt {mpnrtant thing

ie not to exaggerate expectation. The capability
of voice recognition is limited and the 8ystem must
be designed within the limitations. Some develop-

ment time must be allotted; as purchased, the rec-
ognize ia not ready to be plugged in and begin

doing useful taaka. When ore purchases a computer
system, it is necessary to have supporting ●oftvare

such as operating systems, compilers, ●tc., before
it can be used. The same ia true (although to a
lesser degree) for recognizera. Unfortunately, the
ready-to-uae aoftvsre packagea do not exist ●nd the

user muet write them. Many have bought a recog-

nize vith the ●xpectation of merely plugging it
in and immediately producing a useful function.
When that did not occur, they concluded that cpeech

recognition did not work.

The first application for voice input should be
choarn very carefully. The application should be

real and not just e novelty. Be certain that the

user of the ayatem gaina something by ita L$e; it
should not make hia task more difficult or appear

to be in ?he way. The uaera should be sympathetic
to the poaaible benefita ●nd ●lao to the !imita-
tiona. If someone does not want a ●pee=h input

TABLE I

AN EXAMPLE OF SYNTAX NODES FOR INTERFACING

TO THE RT1l OPERATING SYSTEM. ONLY THE
VOCABULARY OF ANY ONE COLUNN IS AGTIVE

AT ANY GIVEN ‘TIME. IU.SPONSE TO ANY

INPUT AUTOMATICALLY ENABLES THE NSXT

LIST OF VALID INPUTS.

.syriTAx NODES (ACT Iv~ vOCAEuLARy)

MONITOR
COMMAN~ W?!.oNs_.

COPY BOUT
DEVICE
SYSTEM

●

.

.

DIRECTORY ALPHABETIZE
PRINTER
SUMMARY

,
,.

FORTRAN LIST
WARNINGS

.

.

.

LINK MAP
RUN..

●

EDIT CREATE
KEQ

.
.

‘ EXAMPLE: MAIN, SUB1, SUB2, ...

ARGUMEN~

FILE SPECS
.
.
.
.
,
.

DLVI CE
●

✎

✎

✎

●

●

FILE SPEC
.
.
.
.

FILE SPEC’
.
.
.

FILE SPEC
*
.
.
.



system to work, it is very easy to ●chieve that

goal . The user should be thoroughly educated in
t’ ●dvantages ●nd usen of voice input; experience

ha. ehown that their training is much more effec-
tive if they are not left to do it on their own.
The users should be brought in early in the design
phaae and not havt the syotem forced on them.
Emphasize that the important thing is consistency

in epeech; frustration usually leads to ● different
form of mpeech, which cauees the system to perform

even woree, which leada to more frustration.

Tacked-on systems do not have as much Charice of
succena as when npeech is included from the begin-
ninE. If a redesign of the eystem ia needed, do

●o, but make cert~{n that eomething is gained in

the procees. Casucl users will generally not be
● s successful as those who uee the nystem continu-

ally. Practice improves the proficiency of the
user.

With real-time uses, the inpllr is through a micro-

phone. The sys”em will work no better than the

audio ~ignal F.ven it, The best microphone ia a

head worn, close-talking, noise-cancel:ng unit;

however, many people objet. to wearing one. Other

microphones can be made to work wi~;, very little

10ss in performance if strict attention to plJce-
ment is paid. Again, consistency is the goal. An

easily used on/off switch on the microphone ie a
necenaity under 8 ome conditions. An adverae
●coustical environment alsc presents cha!lengea to

the system designer.

The system will work no better than the quality of
●he reference templates will allow, Care in cre-

●ting the templatee will pay great dividends.
Follow the manufacturer’s recrmrmendtitlonri and ● x-
pcriment with variations before the users are in-

troduced to the system. Train tile users thoroughly
in the procedures to be follower and do not \eave

them on their own. The templatel should be created
in the actual environment cr al clone to it aa
practical. Make ● trinl paqs after the templatea

are created and immediately retrain any problem
.rreaa. Often ● first-time user will not produce a
good @et of temFlaten. Do not hesitate to l~do the
templatea when performance depradea, eapecir,lly be

prcparmd (and have the uoer ●xpect) to retrain
during the i:~itial phaaeu of use. The frequency
of retraining that in neccasary will decr~ se with
the .experier,cr of the ueer.

In denihni )X tht oyatem, only n fraction of the
vocabulary in needed at any given tim~, Take ad-
vantag~ of the ayntaxing feature, which limits the
ncttve vocabulary, even if ●ll ~rmplalea can be

loaded in thr reco~nizer. It i# usually poosiblc

10 have certain key control worda activ~ tt ●ll
times, ?Vrll whrn IIn;nu uyntax, but k~er their

numbel to ● bore minimum Surne approijriat~ form

of feedback to the user ia necennary; ho ne?da to

know that the word wan recognized or not recog-

nised. The form of fc*db*ck can be ● o nimple ● a a

b-ep, print uut on ● t~rm{cal, c,r ●omntt~.inR t~ore
elaborate, Uae what makaa aenae in the applica-

tion. Expect that th~ recrrRnizer ia goiIIR to mak~

occaeinnal errors ●nd be prepared to deal with
t.hem< The type of prrcaut~nnm that art needed will
depend on the severity of the conacquenc~a of tha
● rror. Terminal mnn\lfac curera n,,’ “’lIETE ktya on
th-ir terminala with ro ●prr * errorm

are expected; the same in true of a voice input

system.

VOCABULARY SELECTION

Selection of the vocabulary ia very important. It

should be meaningful to the taak and to the user.
User input in selecting the vocabulary ia helpful.

Avoid similar eounding or ri)yming words. The
ntraight alphabet aa it ia usually recited is a

very poor choice. The phonetic alphabet is better
but there are potential problem a(eaa (Ref. 2).

Different opinions exist on the optimt.m length of
wor~s. A general rule probably does not exist.

The algorithm userf in the recognize mzy provide
some guidance. If the recognize reduces the data

to 16 time slots, for example, it would actually
reduce performance to include words (or phraaea)

that conta!n more than 16 acoustical events, be-
cause dissimilar eventa would tend &o be averaged.

If the utterance ia too short, full advantage ia
not taken of the information that can be procsaaed.
Our experience has shown that two to four syllables

are k,et3t, depending on the artual word. !40st of

the variation in the way words are spoken occurs
in the vow?la. In the speaker-verification taak
wc lo~k for words with prominent and differing
vowe 1 scunds. Speaker-independent recognition

would dictate the opposite approach.

The recognition process is triggered when the input

signal exceeds some specified level and ends when
it is below another level for a celtain length of
time. Therefore, worda that have distinct and
sharp initialization and cutoff tend to provide the

beat performance. There are exceptions, ao this
rule must be used carefully. keeping the vocabu-

lary to the minimum necessary to accomplish the

task will have many advantages: tt? recogr.izer

responne time ia red\,ced, the po~sible misrecogni-
tiors are reduced, the user has fewer words to re-

member, traininR timti is reduced, template storage
ia reduced, download and upload times are reduced,

and hrrat overhead is ugually lower.

VOICE OUTPUT

The current state of voice output is such that

there are no technical or economical reanclns iur
not u8ing it. I{owever, thr dcsigne: sho,~ld have a

good reabor. for using it; it should not be just
gadgetry. Th t: voice output should offer r+ome

advantaue uver ottler methods of conveying the

W*Baage. It may, in fact, supplemen~, or enhance

other mrt.hodn. Auditory nignnla can reach u number
of peup;e ttcrttlered :Jv@t u lii~g,~ area. Uellfi,

horns, buzzers, eLc,, do the same thing but the
information coo!ent ia limited. A npokrn mra8a$r

can provide much more detail. An alarm cat) IInut),l
and inntrt,ctiuna can be givrn f.}r the ;Jrop~r re-

apoobe to the alarm. Sp,>kl,n mrnan~en ar? also

uueful when the me~nage recipirnt cannrrl r~ceivo

the menaage hy ottt~r meant; that in, their eye# are
buoy with some other taak. lndvmf voice communi-

cation mnkeu it pnaaible for the pt.raon ro continue
with aomc other taak,. Situat iOna tllnt require

nending mraaaFea over the tel~phone are ideal

candidmtea for voice reaponae.

A wide variety of voice aynlllrsir.orn arc ttv~ilahle.

Sorer ● re better ou:ted for l~nrticulnr rnpplicati{)nn



than othero. Some are more easily understood than
othern . The voice quality that one needs for ●ny
taak ia pzobably available. However, matching the

aynthesi.zer to the application requires some care-
ful consideration. To merely record voice digit-
ally tind then play it back with good fidelity

requires considerable memory. If voice frequencies

of 5KHz are to be preoerved, the signal must be

sampled ● t 10KHz or above. Digitizing each sample

to 10 bita means that 100K-bits are required for
each second of speech. The thrust of the work in

voice synthesizers has been to reduce the bit-rate
and still achieve reasonable voice quality. Var-

ious schemes exitt for compreae{ng the data rate

(ace Table II). Usually there is a tradeoff be-
tween data rate and voice quality. Two major
methods of voice ayntheais are u8ed with many var-

iation. The first method records bctual voices

and then reduces the data by uae of algorithm or
coding techniques. The vocabulary haa to be pre-

determined and processed for use by the 8ynthe-
sizer. If properiy done, the voice quality can be

very high. Individual words or entire phraeee may

be processed. The individual elements msy then be
combined in different waya to produce different

mernsagen. One should realize that words spoken in

isolation sound different than words spoken in
continuous speech, The coarticulation causea dif-

ferent inflections and emphaais depending on the
context. If stringing the individual words to-
gether does not produce good quality, then the

desired phraae should be produced aa a unit. This

first method reduces flexibility and mr.y cost more.
The nzcond method of voice ayntheais ia to synthe-
size the individual aounda that mahe up speech and
string ther together to form words. The elemental
sounds ~re celled phonemes; English containa 44 or

so of them. Each one may have m’iny different var-
iation~ and inflections. Current text-to-speech
syntheqizern IIsually uae this method. In general,

the voice quality ia lower, but the data rate csn
bc very low (perhaps under a 100 bita per second

of opeech). The vocabulary may be unlimited. The
quality can be improved somewhat by adjuating the

individual phonemes.

TABLE II

REPRESENTATIVE DATA RATES REQUIRED PO’
VARIOIIS VOICE DIGITAL Ri!,CORDiNC TECHNIQ1”S

AND VOICE SYF!rHESIZERS

DIGITAL RI CORDIMn

● L)IRf Cl DIGITIZATION !00,000 BITs/scc

● LOG PuLSL CODC wOOULATION SO, (JOO ml Ts/stc

● CONSTANT SLOPC OILTA MoDuLATION 75!000 oils/scc

● CONTINUOUSLY VARIABLE SLOPC (CVSO) !$,000 olTs/s[c

. MoZIR [NCODINC 2-6,000 Blls/s[c

SYNTMISIS OV ANALYSIS

. Ll~:LARPRC@l Cll V[ COOING (LPC) 1-4,000 mls/s[c

, tORMANl SYNIMt SIS Soo-t, ooo Blls/s[c

SYNTNCS12 PY WL[

● PNoNIM[ SYNINt SIS 100 m7s/scc

It aho.]ld be mentioned that the ayntheaizera are
general devices and that aounda other than speech
can be produced. The same circuitry could produce

speech, music, and other sound effecte.

APPLICATIONS FOR VOICE OUTPUT

The current atate-of-the-art in voice output is

such that a rteaigner ahuuld aerioualy consider
using it in addition to or instead of practically
any other type communication with a user of hia

ayatem. Tt,e reliability improvement

loops
over tape

and other similar devices is very great.
Ffany work environments have a variety of ●udio

signala to convey messagea to their workera. These
range from the proverbial five-o’clock whistle to

safety and fire alarms. Workera must receive
instruction aa to the meaning of these various

aignala. A voice mensage that would explain the
reason for the signal can eaaily ●nd cheaply be

added to any signal system. Thin ia especially
true for ● visitor or aual worker end would save

considerably on traii,..ig time. repetitive an-
nouncements, ●ither over ● PA system or a tele-

phone, can be done with voice eyntheaia more eaaily
and cheaply than about any competitive ayst.em, for
example tape 100pa. It alao makea certain types
of information readily available over a t?lephone.

Important information can be given by combining the
voice aynthesia with an autodial syrtem ao thot a

malfunction can be irmnediately and eaaily trans-
mitted to the interested party.

CONCLUSIONS

Voice input/output technology ● a it exiata ia us-

able today. Voice output ia more ●dvanced than
voice input ●nd practically any application

requiring voice output can be met. Voice input
requires more work on the part of the ayatem de-

signer. He should be prepared to expend some
effort on software to interact in a meaningful way
with the recognition device. Voice input or output
should be considered from the beginning of system
design and not something that is added aa an
afterthought. Not every app ~:cation ia appropriate
for voice input ● t present. It is crucisl to
choose the ●pplication carefully. The user has the
ability to make voice input work or not work ●nd

should be consulted esrly in the design phaae.

The technology can be ●xpected to improve with
t ime. The rate of progress will depend on the
actual ●nd perceived demand. A body of serious

uaera (tranclate: buyers) ia needed ● o ● drivinR
force. The user baa? will build as murr! aoftwa~e

cools become svcilable. A set of software building
blocks is required thtit can easily be tailor?d to
ap~cific needs such ss is ●vailable for comp,,ter
syoteme today. This audience hae the skilln nec-
eaaary to develop the building blocks. I suopect
the tanks ●lao exist.
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